
‘] ’]](’ -)(’[ ]’J()}IU]Si(Hl  ]alm]a{my  ]lZIS

1)(’L’1) lmild  ill& lallllcllill  [;, all[l

()])c’ltltil)[;  d(’(’})-spac(’ ]“IIO1l  PS foI 11101(”

{Ilal)  Wycals. ll~iiial  )1’l])IolIrsl\’L’1(”

S(’llt {() {11(’  1 1 1 0 0 1 1 ”  ill {11(’  1960’s.

Sul)svqu(’ld  }wobc’s  fl(’w ]-last 11(’all)y
}“)lalwfs  Mclc’llly, V(’l IIIS, ;Illd  hd:l JS.

1]} {he 1970’s,  two Vikill}:  ~) Iol)cIs

][IIId (’(] 0 1 1  h~:lW  [Illd tW() \~()~:)[;(’J
s])accxraf( lMIp,fiI~  fl}cil jollrl}(’y  to tl)c~

(’d~;(’ of tllc solar Syst(’1 11. 111 tll(’
1980’s all(l 1 9 9 0 ’ s ,  otllcl”  ])1 OIX’S IIavc’
1)( ’(’11 S(’llt to\vald 111(’ S u n ,  ])lall(’ts,
all(l olltcl s})ac(’ to il)clcasc  ()[11

Scj(’]ltific’  klI()\vlcd[;  (’ ()( {11(’ S01:11
Syst(ql].

‘/:{. ]

——.



slI()(llcl  I)(. Ilc’(’c”i(’cl  to Ilsc’ 1}1(’ lnll~:lla[;c’

011  ,111(  )[11(’I IIli:;sioll,

‘HI(’  11s(’ o f  a (’[)111111011  l:lll{;  lla{y’ fol

olll’oald” colllltlalldill[: a n d
s(ic]ll(’llc’ill[: $;] 10111(]  also  IC’dllc(’  tllc’
cost of  d(~\~(~lo~)ill[; [; IolllId soflware
for Ilcw IIlissio}ls. ]1)1 lIas illv(’st(’d a
coll~lidcral~le cIft’ol  1 c)vel i(IceIIt y~als
t o  (lc\~(’loJ)  :: IIlllltil)lissioll  $; IollIId

Sysl(’11’l. ‘1”11(’  11s(’ of a  (’011111101’1”

la II} I, IlalI,r ~J]Ii~~Jalcl f(~] ]IlllltiplL*
lnissiol~s \v(ll)l Ll fill 111( ’1’ 11(’1]) to
I(Id IICC (osts  111’ (Jlilllillafillf;  tll(’ II(d

{() (i(’\’(’lo]  ) 11( ’;’$’ Softwal’c t o  Sup]”ml”t
11(?1!’ olllloal d ldll}; ha{;  c’s. sof[wal’(”
dc\’(’lo~”x’(i (() Sll])l)OIt  a (’011 ”1111011”

OIIllL)aId  laIIj;LI:I}:cI wrollld l-c’qllilc
OIll\ )]lillill~:)l IIloclific:ltioll,”  if aIIy,
flo;ll  ll~issioll  tt) Inissioll.  A l s o ,  :~11
])(JlsolIIIcl  wo~llci know tll(’ C’0111111011”
olll)oar(l” 1:111  [;11:});(’  :111(1  Wolll[l  1)(’  al)l(’

t o  \volk  01) IIllllti})lc lllissiol~s  or

transition  flo]ll 01)(  I IIlissioll  {()

al Iollle I \\ ’itllo(ll  11(’cdillp,  t o  lca IIl
allofllc’1 olll)oillci”  lall[; lla[; c.

‘J’11(’ Ilsc ()! a (0111111  (’I (id] lalI~,lla[;c’ a s
the Coll”l)l  loll”  olll)oal’d” ]:lJI[~Ll;l~,C

(0111(1  ]~lo\~idc” s(’\7c1  al advanta[;(’s  for
]l’l<. lirst alId folcIl~ost,”  ]1)1 , \voIIld
Ilot Ilc’(’d to (l(’\’(’lo]) all(l Sllj)]”)OI’t  a

Ilc’\\’ lall~,lla[;(’ foI  (*:IcII  ]Icm’ ]llissi~)]l.
SCC(~]ld,  tllc’ 11s{’ of a cc)l)llnelcial
lall}’,lla[;(’ WOLII(l allotv ]1’1 / t o  tak(’
adv<lllta{;  (’ o f  cil])al)il ities ill tile
]all[’,l]~[;(’  ]Iot ~l\rtli]~l~)]P  ill tll~ V~lliollS
VA41 , ’ s  ]I?]licll lItIIJLI LJC’U1l  I]srd o] I
lJri(Il ]1)1  IIlissiolls. ‘J’hil  d,

lnailltcvlallc(’  o f  tll(~ laII{;Ila{~(I  \voIIlcl
lKI tllr  ICsl)()]lsil)ility  o f  tllc vcTIIcloI,
IIot IJ’1,, tlllls s:l\’ill~’, ]J’1, tile c o s t  o f
~lltlilltc’11:111((’  of tllc’ la II[:LIa{:(~. ‘] ‘J ,(,,(1
a r (’ SOII-1(” }“)ol(’Jlt  ial ]1?’01”)1(’11”1s,

howc>vcr,  wl~icli  II IIls{ l)C col]sidcred
i f  :1 COIll?ll  C’I[iiil  1{1  Il~,ll;l/;(’  i s  t o  l)C
llsu~ fo] ]1’1, IIliwioils.  It is lik(’ly that
SO II”II” adaplalioli of b o t h  III;I JI’ll
lnllllilllissioll so f[\\’al (’ :111[1 tll(’

“/3, ?



c’OJIIJII(’N’ja]  laII~;LIa{;cI  jts(’lf lnay  I)(I

l’uplir(’d  foI” all col)l}ml(’llts  10 work

tu~)c’tllc’r {’ffmiv(’ly jl~ tllc ]1’1
()]m Iati()IIs vllI~il”ollll-l(.’Ilt. Also, )1’1.
will llc(’d to C’Ilslll<c that tll(’ la?lp,lla{y’
]las al] 11](’  Capabj]itics  r(qlli]cd {()
SI1]I})OI{ )1’1, ]llissi(~]ls  OJI lk~]lic]l i{
\j7{)~ll(]  l-)~ ~ls~~],

OI1O a)lnln(’rcial  laII{; LIa[;(I wllicl] h a s
bNIII of illt(’r(~st 10 ]1’1, IIlissioll
]“)clsolIIIcl as a ])ossib]r  calldiclat(l  for
a  Coll”lllloll”  onboard”  coInmal”lcl  and
[’[)Iit J’(d ]~Jl[;Ll:}~,(~  iS tll C S])il(’(’cl  :If[
<’011 )11”12111(!  ] r~l J[:Ll:l/;[’  (~~’] ), ;1 ])lodHC{

o f  lll[c’rfac(’  i+ (’olltl 01  Systc’11-ls, IIlc.
of [’ol~Jlnl)ia,  h41 ). SC’], u7as includd
olll)oal’d” {11(’ (’1(’lnc’lltil  J(’ S])acc’cl’aft

f l o w n 1))7 t]I(I Na\Jal )<(’sca Ic]I
]  :ll)OI’tlto J’y”  (NJ<] ,). A1[IK)u[{II  (]IC 11s(’
of xl ! 011 ~’](’IJIC’JltillC  was lilnilcd,

tlw ca]~abili[i(’s  of tllc laT}~,LI;l[:cI  W(IIC~

Cl(JII-IOIIStIai(  Icl 011  aII ac[(Ial  fli[{ht.

lk’C[ltlSC of tll(’ iJl{er(~s{  ill Se’] ,  :It ]])] ,,

a  s t u d y  \\7tls cond~lctccl  il~ 1994 t o
(“](’t(’JIJlill(i tl}c fcasil)ility  of LlsiJlp,
s~’] , as a  [olJlll’Jo1l”  OIIb(md l:III~ua[;e
fo]”  C o i l ’ J I J l : l l l d  ;llld  C[)]ltlo] of  ]1)1 ,
Spwl’craft. T])(’ Stlld}r  {(’all)  mlwistd
of ])(’1’s01111(’1 frolll scvcra]  diffcrc]lt
areas  at J1’1,  il~cl(lditl{;  botl~ fli[;ht  aIl(l
~,1’oulld S~St(’J)l  S. A s  tllc study
])l’()[;  J”(’SSM],  t] J1’(’C fiI’{)ll]”)S  M)(’IC

forl]l(’(1 wit]li]l tllc tcaIIl  t o  a d d r e s s
IJtl[i\r(’ Stl})])ort f[)i’ t h e
coIl((’}Jts () f p]ivilc~cd
coInlIIa IIds, CI itical  SCq II CJIIC(JS,
01” II”lillk allcl lollhack. ‘] ’] J(’I”C

afc IIlccliaflisllis ill S[’1 , wllicll
CO III(I l)c Ilsed to ])rovide
capabiliti(~s \V]li C]”J (’011](]  b(’
used { ( )  I)loviclr ~)artia]
Suppol”t ill tl~csc areas, b~lt
llIcsc ])1(’[llk]l~islns  mi[;]lt 1)[’
awkwal  ( :  t o  11s[’ aI”Jd Wotlld

1101  ])JolJi(i(l  a c a p a b i l i t y  a s

c(m]”)lct(’ ( I s t h a t  curl”clltl}7

Us(’d 011  jl’1 lnissiolJs.
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A I I onboard ~;(’lf capal)ility
Collld bc Ilscd for S(’qllcl]cill[:
:)]”)d ]1”1[)s1  of th(’ $plcumft
fall]{ pro{(~ctioll J()~l{il~cs.  A
real -tilne opera tin[; systcIn
w70uld be r(’qllircd t o  su])porl
S(’lr. llplink, t(’1(’1ll(’t I y
proccssin:,  aI~d attitud~’
Col”ltrol” t a s k s  would  llof be
doIlc  ill S(’1,. A  lllCSS~[;(’-

passin[; systc]n would  l)c
rc*clllird  Cithc’r  as part of th(’
rcnl-tiln~’  op~rat ins system or
as a SIl}>]>lwlent  to i t.



iJl\’csti~atioll  il~to identification of a
lal IglIag(’ w~hich CaTI  lx adopted b y
)1’1 ,  as a  sta]ldar(l  langua~c for
oJlboard co Jllma  I”lciing and
sc(j~lcncill~,.

1. llcv(’lof) ])} oioiy])cs or ?tlissiolls
opcrofiolls cflvirotlltlc)~fs  for tum
I(lll$ll[lg(’s ~[)j{jc]l ~yp efl}ldjd~f~s
for usc by jllture ]1)1, t)lissio}ls  f o r
071/J@fl~(j co?}lttlfltldiflg fl}ld
:,rqlfclicilz,q.

2. ldcnfijy  {4[ldifio7]f71 c~~zdidfiic
lnllgllogcs ?ollich  colfld he IIsed  1~~~

///fl/re  ~1’1 ttlissiolls for o} Ihnrd
(O?tl?)lfl}ldilig cItId scqt{e?lci}lg.

ol”lc” Of the Jnaj(ll  ]JJ’odLICtS  of the SC’],
study was a list of r(~c]llilcllllclllts  for
cancl”iclatc  l{lll&llil\\C’S  for IISC’ by J1-’I , for
a C(\J)llll  O?l [)nl)oard  lal”l~uagc’  for
com]n and and cont ro l . This list
consists of follrl(’cll require’Jncnts foJ
a Iallfitla&(’ M’hich  M70L11C]  sLlp~mrl

InissioJ-~s  of the ty])c which ]1’1 , hs
C’OJIC] UCtCC~ to (“iat C’. ‘J’hcI  lisi a l s o
c[)Jlt’l  ins foul tc’cn additional
rcqui teJncJlts  fol a  langIIap, c which
woIIILl  slIp]mrl IIlissions  of the t y p e
which )1’1, is cx])cct(d  to collcluct  iJl
t h e  l“~lturc. Stlcll Jnissic)ns  arc
(’xpe( ted to lla\’(’ lllor(” Onboard
auto] lomy aII(l w i l l  rccluirc  mom
oJlb08rd  capal)ility  than h a s  bLICJI
provi[lccl orI })Ic\ioLls  ]1’1 , missions.
AI] a})prnclix o f  (IIC report col)tains
t h e  twc’Jlfy-(’i@i  I(Y]uirm[’Jlts  a n d

aJl c~aluati(>ll  o f  S(’V(’J1  diffc’1”(’Jlt
larJgLlages  whit] I c[)llld bc co] lsiclerd
by J]’] for fllt(lr(’ l)lissions.

As  a J{%ll][  of t]~c K’] study aIld thC
tW() r(’COJ”IIIJ”l(’Il  (]a tiOJIS llladC’  by th(’

Stllc{y t ( ’ d i n ,  a fol]owoll”  e f f o r t  h a s

lwc’J\ f~tndd  a t  ]1)1  . ‘]’hc obj(’ctivc  o f
the follo won iask  i s  to drvclop
])rotot~’pm”  of t w o  &roIIIlcl nlissioJl
op(’rat ioJ’Js vl-~k~irolllllellts for t w o

I
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commercial pl-occ’ss Col”ltlol
lan~uap,(Is  which arc canclicia{cs  for
LISCI b y  f u t u r e  ]1’], lnissions f o r
ollboarcl comma  ndill~ and
Sc’qm’m’ing.

OIIC  of the primary rcqllircmcnts  for
a lan~uagc to be sc’lcctcd  f o r  the
proto types  was  avail abi]iiy as a
supported commercial product.
llc’callsc of the intcrcs(  in SC’], at )])1 ,
by l’]uto 1 kxprcss and other projects,
SC’], was s(’lmtcd as oncI of t}lc two
lan~ua~m for the prototypes at the
Collllllcllcclllcllt o f  the }Jlototypc’
task. None of the other six lansLIascs
which were evaluated k)y the SO,
Stlldy tc’am Ill(*t t h e  r(’quirc’I”nc’nts  of
bcins aJ-I adcq~latL’ly-sll]O~)orted
commercia]  product . Thus the’
prototype dcsiflll team initiated a
search  for a commercial langllage
which CC)UIC1 be usccl  for the second
prototypr. T w o  languascs  were
icl(’ntific’cl w h i c h  were p o t e n t i a l
candidates: (;2 by ~; C’llSy I-n

~orporation  a n t i  l <  TWc)rks  b y
‘1’alarian ~~orporatic)n. II[)th
langtla~c>s  were’ clcmonstratcd fc)r the
prototype design team.

lk)th (;2 ancl 1< ’1 ’Wolks contain an
inference engine a n d other
capabi] itics rccluirecl fc)r
consideration as a callclictate for llsc
b y  futllrc  ]1’1, missic)ns for cmboard
colnmanc]ing EII’ ICI scc]llcncing.
1 lowcver, the (;2 i131J)lc’IllclltEltioJl  is
m o n o l i t h i c  and rcqwirm 32 Ml; of
In[’mory a s  we]] as extensivr clisk
sw7a]”) space for operation while the
I< ’l’Works is modular. lkcausc the
1< ’1 ’Works il~fcrencc  cmginr pro\~iclcs
capabilities required for onbc)ard
cc)mmaJIcl ant] cc)ntro] and requires
only a small fraction of the memory
req~lir(’cl by [;?, I< ’l’Works was
sc]cctccl  as the lan[; ua~, c f o r  the
second prototype. ”

‘1’11(s  prototype clcmc)nstration  will
consists of t\vo separate systems,
cc)operativcly  clc\~(Jlopeci, w o r k i n g
to~, ether to dc’monstratc  the
ca])abilities rec]uircd for a  f l ight
coIIlmaIlcl  aIId control system. The
protc)typc t a s k  clcscribecl abc)ve i s
responsible fol cievcloping  a
protc)typ [;rollnd mission operations
en] irc)nmcnt which is capable of
[;elleratin{;  tile clata reqllircd  f o r  the
onl)oarcl  coJIImanct ancl cc)ntrc)l
system. TII(I other  t a s k ,  funclecl
separately, is t 1 IC clcv(’loplnent  of the
two onboa~c]  colnlnancl  ancl c o n t r o l
systcm pmtot y] )(’s to be pro~rammecl
~lsin~ S(’1 all(l the 1<”1’Works
in f(’rcncc  cIl[;iJ-l(’.

Th( prototy})c”  firolllld s y s t e m
operations ellvironmcmts,  shown in
l~ip,~lrm  1 aIlcl 2, will utilize’ exist ing
software d(n’[’lope’cl by the ]P1 I
h4~l ltimission C;roIIIIcl  SystcIms Office
(M( ;S0). Specifically, the S1!Q. (;I’N
sec]ucIlccI ~,cncration prc)graln, t h e
Sl~, Q2’l<AN S[scl LIC)nccI  t r a n s l a t i o n
program, ancl the multi missjon
coJll Inancl  data base pro~,rams  will bc
adapted to ~eneratc S(1,  a n c t
l{rj’l~c)rks  cOCIC for the p r o t o t y p e s .
liOI both plototypcs, a  Spacecraft
Activities IFilc (SASI;) will specify the
sec]ucwccI  c)f acclivities clcsircd. ‘1 ‘he
SA~i}~ wi]l l)CI iJ~put tc) SltQ. (;llN
w h i c h  wjll ]) Iocl IIcc a Spacecraft
SCc]uencc  lilt (SS1:).  ‘1’hc S S 1; will be
input  to  SI;QT1<AN w h i c h  w i l l
prociLlcc” Solll’(’c” cocte for  S(~l, o r
l< TWc)rks. SIIQ’1 R A N  js a macro-
(!rj\7C11  pro~l  a)n. Twc) Sc’ts o f
SIIX.)T RAN l~lacros will be written to
t rans la te  tll(’ inpLlt S S 1; to so Llrce
Code’: o n e  s(’t to ~encrate  S(~l, coclc
an(i one s e t  to ~,cmerate l{ TWc)rks
C[)cl (’. The m~lltimiss  ion command
trallslatc)r will prc)vicle  in  formaticm
us(~cl  t o  translate C’ac’]1 specific
colilnlancl as rc’c]llir(d.



.

‘J’hc ground software proccssi  Jlg
differs after gcnerat  ion of the S~l, or
1<1’Works  source file, depending on
which langLIage is used. lk)r SC],, the
soLlrce code is compild  b y  an SCIJ
compilm  iJ~to SC1, o b j e c t  code. l~or
I< I’Works, the source code is used
directly by the onboard illtcrprcter.
After compilation of S(1 ~ code or
g e n e r a t i o n  of 1<3’Works code,  the
r e s u l t i n g  file is ])acka~ed f o r
simulated uplink.

The prototype o f  the on board
COlllllla)ld  and Colltro] SySt(’111  t o  b e
Ilsd in the demonstration is bcin~
built in the ]1’1, I:liSllt System ‘1’estkd
(1;S3’).  ‘1’hc 1 ‘light Systcm “1 mtbd at
]1)1, p r o v i d e s  an enviroJlment  for
testiJlg nrw  hardware and software
for future ]1’1 , missions. }jlight
S y s t e m  ‘1’estbed personne] h a v e
d e v e l o p e d  a gcJleric s p a c e c r a f t
siJnulatioJl  which caJl host specific
components of 11(’W SySt(7JllS. A task
i n  t h e  l~li~llt System ‘1’cstbecl  i s
currcJltly developing an OJlboard
avionics system prototype for future
J])] missions. ‘1’he coJnmand a n d
coJltrc)l componcJlt  of (he a v i o n i c s
sys tem in the l~li~ht Systcm 1 ‘estbd
will be programJnd in both S<11,  ancl
l< TWorks  a n d  usecl in coJljLIJlction
with the prototype ground mission
opc’rations environme]]t for
demonstrating the usc of SCI, and
RTWorks  for spacccraf{  c o m m a n d
and  coJltrol.

I’hus the COJllbiJICd }>r[)tOty]3C’
dc’rllc)llstlatioJl  will use the prototype
ground miss ion opera t ions
eJlvironnlcJlt  t o  generate pro{;rams
for  the onboard c o m m a n d  a n d
coJ~trol  system, the siJnulatd up]ink
in t h e  )1’1, l;li@~t System “1’estbcd to
t rans fer  the  film to thp sinlulatec]
spacecraft Ilsing protocols of the 1 )cep
S p a c e  N e t w o r k  (IXN), and t h e

prototype aIioJ-lies system  in the
sin~ulatcd spacecraft in the ]1’1, ldight
system I’c’stbed to C’xc’clltc’  the
onl)oard soft\vare generated by the
prototype gro~lncl  mission operations
c’Jl\’ironJnen{  , ‘J’hc prototype will
cleInonstJate  (Illd-to-end data f low
fro~n the ~cl~cration of software’ by
the grouJlcl J-nission opera t ions
m\ ’iroJm-lent  tl~rough transmission
to the spacecraft and siJnulation  of
the OJlboard  pro~ram execution.

lk)tl~ of thuw tasks arc currently in
prq;rcss.  lk)th demonstrat ions are
!+ch(’dll]ed  t[) b(’ Cmnplc’td  b y
ScpteJnbcr,  l!)g6. Af ter  both
del-)lc)ll strati  (.)lls h a v c’ been
completed, a co Inparative  c’valuatioJl
of t h e  t~vo ]ollguages, S~l, aJ~cl
R3M70rks  will be pcrformd.  A l s o ,
o t h e r  canc{idate  languafys  will bc
idcvltified find considered for possible
use in future prototypes.

in adclitic)n to the c o m p a r i s o n  of
ollboarcl langlla~cs, t h e  ground
system usd to ~,eJmate the onboarcl
code will be rcvicwccl  for possible
iJI”l~>I OVeJll(~llt S.

llinally, a new effort is in ~-)rogress  to
Obtaitl the use of an actual spacecraft
in orl>it to dcJno~lst rate SC;], anti/or
1<’1’W{)rks foJ coJIlmand and coJltro]
in a flight (’Jl\’ir(lllIll c’llt. A
Successful  fli~llt ciemonstratic)n
woulcl  qualify a language for usc iJl
actual future missioJls  such as New
Millellnium and ]’luto llxpress.

1. ]01111 A. Ro]lr, c{. al., Spacecraft
<’oI~gIII~J:&  lJaJlgua~(’  (SC~l,) Stu~_y
I< C1)OI t, let 1’repulsion 1 ,aboratc)ry,
l) OCUlllCJlt  W4 h4[JS09i’53-01  -00,

Octob(r,  1994 .
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